Objective-To review the literature systematically to determine whether initiation of beta blockade within 45 days prior to noncardiac surgery reduces 30-day cardiovascular morbidity and mortality rates. Methods-PubMed were searched for randomized controlled trials (RCTs) and cohort studies comparing perioperative beta blockade with inactive control during noncardiac surgery. Pooled relative risks (RRs) were calculated under the random-effects model. We conducted subgroup analyses to assess how the (Circulation. 2014;130:2246-2264.)
Introduction
Perioperative cardiac complications are an important concern for the 230 million individuals who undergo surgery worldwide every year. 1 After surgery, 2% of these patients suffer major cardiac complications, 2 and 8% show evidence of significant myocardial injury. 3 Perioperative beta blockade showed early promise as a means of preventing these complications, with enthusiasm driven by promising results in 2 RCTs. 4, 5 Consequently, perioperative beta blockade was recommended for a fairly broad spectrum of surgical patients in initial versions of the American College of Cardiology (ACC)/ American Heart Association (AHA) clinical practice guidelines (CPGs). For example, among patients with untreated hypertension, known coronary artery disease, or cardiac risk factors, perioperative beta blockade received a Class II recommendation in 1996 6 and a Class IIa recommendation in 2002. 7 Nonetheless, for several reasons, the strength and scope of these recommendations diminished over successive iterations of these CPGs. [8] [9] [10] First, subsequent moderate-sized RCTs failed to demonstrate significant benefits from beta blockade. 11, 12 Second, in the POISE-1 trial of almost 9000 participants, it was found that although perioperative beta blockade prevented perioperative MI, this benefit was accompanied by increased rates of death, stroke, hypotension, and bradycardia. 13 Although the POISE-1 trial has been criticized for starting long-acting beta blockers at high doses shortly prior to surgery, 14 its results highlighted the potential for important risks from perioperative beta blockade.
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Third, the validity of work led by Poldermans, including 2 influential perioperative beta-blockade RCTs, 5, 15 has been scrutinized because of concerns about scientific misconduct. 16, 17 Consequently, it has been suggested that CPGs re-evaluate and potentially exclude these data from the evidence base used to inform recommendations about perioperative beta blockade. 18 On the basis of the "American College of Cardiology Foundation/AHA clinical practice guideline methodology summit report," 19 the ACC/AHA Task Force on Practice Guidelines (Task Force) recognized the need for an objective review of available RCTs and observational studies by an independent Evidence Review Committee (ERC) to inform any recommendations about perioperative beta blockade in the 2014 ACC/AHA perioperative CPG. 20 The ERC undertook this review to address a specific clinical question framed by the writing committee for this CPG (with input from the ERC): What is the evidence that initiating beta blockade within 45 days prior to noncardiac surgery reduces perioperative cardiovascular morbidity and mortality within 30 days after surgery? Our objectives were to summarize evidence relevant to this question and assess the degree to which studies led by Poldermans influenced our overall conclusions.
Methods
This systematic review adhered to the Preferred Reporting Items for Systematic Reviews and Meta-Analyses statement 21 and to recommendations of the "American College of Cardiology Foundation/AHA clinical practice guideline methodology summit report." 19
Eligibility Criteria
We included RCTs or cohort studies comparing perioperative beta blockade against inactive control, including placebo, in adults (≥18 years of age) undergoing noncardiac surgery. Otherwise eligible cohort studies were included only if the sample size exceeded 100 participants. Perioperative beta blockade was defined as beta-blocker therapy (except sotalol) started at any point between 45 days prior to surgery and 24 hours after surgery. Treatment also had to be continued until at least hospital discharge or the second day after surgery (whichever occurred first). This minimum duration of postoperative therapy was specified because perioperative MI generally occurs during the first 3 days after surgery. 22 Otherwise eligible studies also had to report any of 4 prespecified outcomes: MI, all-cause death, cardiovascular death, or stroke.
Search Strategy
Eligible studies were identified using PubMed (up to April 2013), Embase (up to April 2013), and the Cochrane Central Register of Controlled Trials (up to March 2013). The search strategies used within these databases are presented in the Online Data Supplements 1 to 3. The ERC also hand-searched abstracts from conferences of specific scientific societies (ACC, AHA, American Society of Anesthesiologists, European Society of Anesthesiology, European Society of Cardiology, International Anesthesia Research Society, and Society of Cardiovascular Anesthesiologists) occurring between January 2011 and April 2013 and searched bibliographies of previous relevant systematic reviews. 18, [23] [24] [25] [26] No language restrictions were applied. Unpublished trials were not sought, but when necessary, we contacted authors of included studies for additional data.
Methods of Review
Teams of paired reviewers (ie, D. Duncan and C. Nkonde-Price, S. S. Virani and J. B. Washam) independently performed study eligibility screening, study quality evaluation, and data abstraction. Abstracted data were entered on previously pilot-tested forms developed within the DistillerSR (Evidence Partners Inc., Ottawa, Ontario, Canada) and Indico Clinical Guideline Platform (Indico Solutions Pty. Ltd., Melbourne, Victoria, Australia) web-based software platforms. Disagreements were resolved through consensus and, where necessary, involvement of a third reviewer (D. N. Wijeysundera). For each included study, the ERC abstracted details on participant eligibility criteria, participant number, surgery types, beta-blocker treatment regimen, participant characteristics (ie, age, sex, coronary artery disease, prior MI, current angina), duration of follow-up, and surveillance protocols for postoperative MI. In addition, the proportion of participants receiving long-term beta-blocker treatment before recruitment was reported for any included RCT. We documented the definition and event rates for the following outcomes occurring during or within 30 days after surgery: nonfatal MI, all-cause death, cardiovascular death, acute stroke, heart failure, significant hypotension, and significant bradycardia. Overall study quality was assessed on the basis of risk of bias, relevance to the study question, and fidelity of implementation. 19 With regard to evaluation of risk of bias, we used the Cochrane Collaboration Risk of Bias Tool for RCTs 27 and the Newcastle-Ottawa Scale for cohort studies. 28 A RCT was assigned an overall rating of low-to-intermediate risk of bias if the trial was not deemed to be at high risk of bias for any assessed domain of study quality.
Statistical Analysis
Analyses were performed in STATA Version 13 statistical software (StataCorp LP, College Station, Texas). Statistical significance was defined by a 2-tailed P value <0.05, and no adjustment was made for multiple comparisons. Given the major methodological differences between RCTs and cohort studies, the 2 study types were analyzed separately. Initially, we assessed both clinical and statistical heterogeneity across the included studies. Statistical heterogeneity was characterized with the I 2 statistic, 29 which describes the proportion of total variation explained by betweenstudy variation instead of chance. Higher I 2 statistic values imply more heterogeneity between studies than would be expected by chance alone. The random-effects model of DerSimonian and Laird was used to calculate pooled RRs with 95% CIs. 30 We conducted several prespecified subgroup analyses to examine the influence of the DECREASE and POISE-1 trials on the overall results. 5, 13, 15 First, treatment effects within the DECREASE trials were compared against pooled effects in the remaining RCTs. Second, after excluding the DECREASE trials (ie, DECREASE-I and DECREASE-IV) from the analysis, we compared treatment effects in the POISE-1 trial against pooled effects in the remaining trials. The rationale for this second subgroup analysis was to determine whether there was any signal of a treatment effect independent of the single large RCT (ie, the POISE-1 trial) in the meta-analysis. Random-effects meta-regression was used to test for statistical significance of any subgroup effects. The ERC visually inspected funnel plots to assess for possible publication bias 31 and also used Egger's, Harbord's, and Peters' tests to formally test for any funnel plot asymmetry. [31] [32] [33] 
Results
Please see the Online Data Supplement for more information.
We identified 17 eligible studies: 16 RCTs and 1 cohort study (Online Data Supplement 7) . The 16 RCTs contributed data from 12 043 participants, 4, 5, [11] [12] [13] 15, [34] [35] [36] [37] [38] [39] [40] [41] [42] and the cohort study contributed relevant data from 348 participants. 43 The characteristics of participants, surgical procedures, and perioperative beta-blockade protocols in the included studies are presented in Tables 1 and 2 . Except for the DECREASE-I and DECREASE-IV trials, 5, 15 all RCTs began beta-blocker therapy within 1 day or less prior to surgery.
Of the 16 included RCTs, 8 trials had a low-tointermediate overall risk of bias (Online Data Supplement 4). 4, [11] [12] [13] 38, 40, 42, 44 Fourteen trials showed intermediate-to-high relevance with regard to their study populations, interventions, and outcomes measures, 4, 5, [11] [12] [13] 15, [35] [36] [37] [38] [39] [40] [41] [42] and 10 trials assessed interventions that were implemented with intermediate-tohigh fidelity (Online Data Supplement 4). 4, 5, [11] [12] [13] 37, 38, [40] [41] [42] When assessed with the Newcastle-Ottawa Scale, the included cohort study did not rate consistently well across all study quality domains (Online Data Supplement 5).
Nonfatal MI
Sixteen RCTs reported effects on nonfatal MI among 11 963 participants ( Figure 1 ). Perioperative beta blockade caused an overall moderate reduction in nonfatal MI, based on a RR of 0.68 (95% CI: 0.57 to 0.81; P<0.001) with no measurable statistical heterogeneity (I 2 =0%). Nonetheless, differences in treatment effects between the DECREASE trials and the remaining RCTs bordered on statistical significance (P=0.08). When the DECREASE trials were excluded ( Figure 2 ), the pooled RR remained essentially unchanged at 0.72 (95% CI: 0.59 to 0.86), with no qualitative differences in effects observed between the POISE-1 trial and the remaining RCTs.
Nonfatal Stroke
Nonfatal strokes were reported by 10 trials that included 11 611 participants ( Figure 3 ). Beta blockade caused a significant overall increase in the risk of nonfatal stroke (RR: 1.79; 95% CI: 1.09 to 2.95; P=0.02), with no measurable statistical heterogeneity (I 2 =0%). When DECREASE trials were excluded (Figure 4 ), the effects in the POISE-1 trial (RR: 1.93; 95% CI: 1.01 to 3.68) were qualitatively similar to those in the remaining trials (RR: 1.72; 95% CI: 0.67 to 4.40).
All-Cause Death
Sixteen trials reported effects on rates of all-cause death among 11 963 participants ( Figure 5 ). There was a statistically significant subgroup difference (P=0.02) between the DECREASE trials and the remaining RCTs. Among the DECREASE trials, beta blockade was associated with a trend toward a reduced risk of all-cause death (RR: 0.42; 95% CI: 0.15 to 1.22; P=0.11), whereas in the remaining trials, beta blockers significantly increased the risk of all-cause death (RR: 1.30; 95% CI: 1.03 to 1.63; P=0.03), with no measurable statistical heterogeneity (I 2 =0%). When the DECREASE trials were excluded ( Figure 6 ), effects in the POISE-1 trial (RR: 1.33; 95% CI: 1.03 to 1.73) were qualitatively similar to effects in the remaining trials (RR: 1.17; 95% CI: 0.70 to 1.94).
Cardiovascular Death
Cardiovascular deaths were reported by 13 trials encompassing 11 607 participants. There was statistically significant evidence of a subgroup difference (P=0.004) between the DECREASE trials and the remaining RCTs (Online Data Supplement 8) Beta blockers significantly reduced the risk of cardiovascular death in the DECREASE trials (RR: 0.17; 95% CI: 0.05 to 0.64; P=0.008), whereas they showed a trend toward an increased risk of cardiovascular death (RR: 1.25; 95% CI: 0.92 to 1.71; P=0.16) in the remaining trials.
Perioperative Adverse Effects
Eight trials reported effects on heart failure among 11 378 participants (Online Data Supplement 9). Overall, beta blockade had no statistically significant effect on perioperative heart failure (RR: 1.15; 95% CI: 0.91 to 1.45; P=0.23), without measurable statistical heterogeneity (I 2 =0%). Ten trials reported effects on perioperative hypotension or bradycardia, albeit with highly variable definitions across studies (Online Data Supplement 6). 4, [11] [12] [13] [35] [36] [37] [38] 41, 44 Notably, the DECREASE-I and DECREASE-IV trials did not separately report rates of hypotension or bradycardia. 5, 15 Nine trials reported effects on hypotension among 10 448 participants (Online Data Supplement 10). Overall, beta blockers significantly increased the risk of perioperative hypotension, with no qualitative differences in effects seen between the POISE-1 trial (RR: 1.55; 95% CI: 1.38 to 1.74) and other studies (pooled RR: 1.37; 95% CI: 1.20 to 1.56). Significant bradycardia was reported by 9 trials encompassing 10 458 participants (Online Data Supplement 11). Risks of bradycardia were significantly increased among patients receiving beta blockers, with no qualitative differences in effects seen between the POISE-1 trial (RR: 2.74; 95% CI: 2.19 to 3.43) and other studies (pooled RR: 2.41; 95% CI: 1.75 to 3.32).
Post Hoc Analysis
In a post hoc analysis, the ERC excluded the DECREASE trials and used pooled RRs from the remaining trials to calculate numbers of avoided or excess nonfatal MIs, all-cause deaths, and nonfatal strokes per 1000 population. Within a hypothetical population with a baseline 6% risk of nonfatal MI, 2% baseline risk of 30-day all-cause death, and 0.5% baseline risk of nonfatal stroke, perioperative beta blockade leads to 17 fewer nonfatal MIs, 6 excess all-cause deaths, and 4 excess nonfatal strokes in every 1000 treated patients.
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Discussion
This systematic review found the literature to be consistent with regard to effects of perioperative beta blockade on MI, stroke, hypotension, and bradycardia after noncardiac surgery. Previous trials consistently demonstrated that rates of nonfatal MI were reduced with beta blockade. Although there may be some differences between the DECREASE trials and other trials, these differences relate only to the magnitude of benefit. Whereas the DECREASE trials found larger and, arguably, somewhat implausible effect sizes, with RR reductions ranging from 60% to 95%, 5, 15 other trials had a more realistic, moderate pooled effect size. Available data also consistently show increased risks of stroke, hypotension, and bradycardia with perioperative beta blockade. These findings are noteworthy because the increased risk of these complications in the POISE-1 trial has often been attributed to the trial's use of high-dose, long-acting metoprolol. 45 The ERC instead found that preceding trials, despite using different dosing regimens, demonstrated a consistent signal of increased stroke (albeit statistically nonsignificant), as well as significant increases in risks for hypotension and bradycardia. Thus, the increased risks of these complications appear to be a more general concern with perioperative beta blockade, as opposed to one associated only with a specific drug-dosing regimen. Notably, there are very few data on stroke, hypotension, and bradycardia from the DECREASE trials, with the only reported events being 7 strokes in the DECREASE-IV trial. 15 The major discrepancy between the DECREASE trials and the other RCTs relates to effects on all-cause and cardiovascular death. The DECREASE trials demonstrated very large reductions in mortality rate, with RR reductions ranging from 58% to 91%. Again, such large benefits attributable to a single intervention are, arguably, somewhat implausible. Conversely, the remaining RCTs found a significant overall increase in mortality rate. Although this pooled estimate was dominated by the POISE-1 trial, which accounted for 80% of the relevant underlying data, it is noteworthy that even when data from the POISE-1 trial were excluded, the pooled effect in the remaining studies was qualitatively similar. Thus, data at the time of publication suggest that the increased mortality rate observed in the POISE-1 trial may not be unique to that specific dosing protocol.
Influence of the DECREASE Trials
The DECREASE trials do influence the overall conclusions of our review, but largely with regard to effects on mortality rates. Specifically, in the absence of the DECREASE trials, other RCTs indicate that beta blockade significantly reduces the risk of postoperative MI but at the cost of increased rates of stroke, hypotension, bradycardia, and death. The major change induced by inclusion of the DECREASE trials in the meta-analysis is a shift of the pooled effect on death to a null effect. Nonetheless, exclusion of these trials has major implications for the generalizability of current RCTs to clinical practice. Aside from the DECREASE trials, all RCTs initiated beta blockade no more than 1 day prior to surgery. Notably, several cohort studies have shown that shorter durations (≤7 days) of preoperative beta-blocker therapy are associated with worse outcomes than are longer durations of preoperative therapy. [46] [47] [48] Although some authors have emphasized the importance of both longer durations of therapy prior to surgery and preoperative dose-titration to an optimal heart rate, the evidence for substantial preoperative modification of betablocker dosing in the DECREASE trials is not compelling. Stated otherwise, the vast majority of patients in these studies presented to surgery receiving the same dose of bisoprolol on which they were started. In addition, once the DECREASE trials were excluded, only 4 included RCTs evaluated oral beta blockers aside from metoprolol. 4, 40, 41, 44 Importantly, several cohort studies have found metoprolol to be associated with worse outcomes than those seen with more beta-1 selective agents, such as atenolol or bisoprolol. [49] [50] [51] [52] [53] Thus, the strength of evidence that a longer duration of preoperative therapy with selective oral beta blockers safely reduces the risk of perioperative MI is entirely dependent on the DECREASE trials. Such reliance on controversial studies points to the need for new, adequately powered RCTs of clinically sensible, perioperative beta-blockade regimens. The ERC proposes that such trials evaluate beta-blockade regimens started at least several days prior to surgery, preferably with more beta-1 selective agents. In light of the consistent signals of increased harm associated with beta blockade initiated very close to surgery, the onus lies with the perioperative medical community to demonstrate that such alternative dosing regimens are safe and efficacious with regard to prevention of perioperative MI.
Limitations
The present systematic review also has several important limitations. First, exclusion of the DECREASE-I, DECREASE-IV, and POISE-1 trials leaves few data from which to make firm conclusions about the efficacy and safety of perioperative beta blockade. For example, none of the pooled effects on MI, death, and stroke were statistically significant within this smaller subgroup of studies. Consequently, comparison of this subgroup with the POISE-1 trial focused simply on qualitative comparisons of pooled effects. Second, as with most systematic reviews, our review is limited by the possibility of unpublished data and heterogeneity of outcome definitions used in the original studies. Third, the included trials did not systematically report treatment effects in clinically sensible subgroups, such as strata defined by Revised Cardiac Risk Index scores. 54 Several prior observational studies have suggested that the treatment effects of perioperative beta blockade vary across these strata, with benefits confined to high-risk individuals who have at least 2 to 3 clinical risk factors. 50, 55 Further exploration of such subgroup differences within the context of RCTs will entail an individual patient data meta-analysis. Fourth, we did not adjust for multiple comparisons when conducting subgroup analyses. The results of these subgroup analyses should therefore be viewed as hypothesis generating as opposed to definitive.
Fifth, in spite of an extensive literature search for observational studies, only 1 cohort study was included in this systematic review. 43 Despite still informing an overall understanding of the risks and benefits of beta blockade in noncardiac surgery, several potentially relevant observational studies did not meet our inclusion criteria. 50, 55, 56 For example, a 2005 multicenter cohort study did not capture preadmission beta-blocker use. 55 Thus, the investigators could not differentiate between ongoing, long-term betablocker use and new perioperative beta-blocker use for cardiac risk reduction. Similarly, a 2010 single-center study also included patients undergoing cardiac surgery and grouped all individuals receiving beta blockers prior to surgery into a single category, regardless of the duration of preoperative therapy. 56 Most recently, a 2013 multicenter cohort study defined perioperative beta blockade on the basis of on any relevant prescription on either the day of surgery or the subsequent day. 50 Nonetheless, the study did not analyze the dose or duration of inpatient beta-blocker prescriptions; hence, it did not meet our criterion for minimum duration of postoperative beta-blocker therapy. Additionally, the data sources in all 3 studies could not differentiate between beta blockade for preventing cardiac events and beta blockade for treating postoperative complications (eg, myocardial ischemia). The importance of distinguishing between prophylactic and therapeutic interventions is underscored by the observation that, in some RCTs of perioperative beta blockade, 7% to 10% of participants in the control arm still received open-label beta blockers, possibly to treat new postoperative complications. 4, 12 
Conclusions
In summary, this systematic review found that perioperative beta blockade started within 1 day or less before noncardiac surgery helps prevent nonfatal MI but at the cost of increased risks of stroke, death, hypotension, and bradycardia. The DECREASE-I and DECREASE-IV trials differed from other trials with regard to design in that they are the only RCTs that assessed beta blockade started 2 or more days before surgery. Their results differed significantly from other RCTs in that perioperative mortality rate was decreased, as opposed to increased, with beta-blocker therapy. In the absence of these controversial studies, there are insufficient robust data on the efficacy and safety of perioperative beta-blocker regimens that use agents aside from metoprolol or initiate treatment 2 to 45 days prior to surgery. This table represents the relationships of ERC members with industry and other entities that were determined to be relevant to this initiative. These relationships were reviewed and updated in conjunction with all conference calls of the ERC during the evidence review process. The table does not necessarily reflect relationships with industry at the time of publication. A person is deemed to have a significant interest in a business if the interest represents ownership of ≥5% of the voting stock or share of the business entity, or ownership of ≥$10 000 of the fair market value of the business entity; or if funds received by the person from the business entity exceed 5% of the person's gross income for the previous year. Relationships that exist with no financial benefit are also included for the purpose of transparency. Relationships in this table are modest unless otherwise noted.
According to the ACC/AHA, a person has a relevant relationship IF: a) the relationship or interest relates to the same or similar subject matter, intellectual property or asset, topic, or issue addressed in the document; or b) the company/entity (with whom the relationship exists) makes a drug, drug class, or device addressed in the document, or makes a competing drug or device addressed in the document; or c) the person or a member of the person's household, has a reasonable potential for financial, professional, or other personal gain or loss as a result of the issues/content addressed in the document.
*For transparency, the ERC members' comprehensive disclosure information is available as an online supplement. ACC indicates American College of Cardiology; AHA, American Heart Association; ERC, Evidence Review Committee; UCSF, University of California, San Francisco; and VA, Veterans Affairs. 
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